TTL INTEGRATED CIRCUIT TECHNOLOGY 



SECTION 1, 



GENERAL 



1.1 Lo gic Set 

Circuit Type 

A 
B 
C 
D - 

JE 

I F 

/ G ■■'- 

1»2 Logic .Rules 
1.2*1 Virtual Gates 



Function 


Number 


per Package 


2 input AND-INVERT 




h 


Zj. U II 11 




2 


2+2 AND-OE- INVERT 




2 


D BISTABLE 




2 


JK BISTABLE 




1 


8 input AND- INVERT 




1 


k input POWER AND-INVEET ' 




2 '•" . '•. 



Outputs of elements may not be commoned to provide a virtual .gate. 
I»2«2 Unused Inputs ' '•■'.' 

Unused inputs to gates must be connected to the input which is 
used. This does not increase the loading on the previous circuit 
but not mare than four inputs may be commoned. The us<? of spare 
inputs for commissioning purposes etc. is covered in para» l,*j-„ 
Where an unused input cannot be paralleled with another input, 
as with say the S and E lines to a bistable, then they must either 
be connected to a suitable positive level, to the output of a gate 
held permanently £n the high state or, if it is logically 
appropriate, grounded, 

1»2«3 Fan-out .; *< :< : a 

•The fan-out of all the elementc in the set, with the exception of 
the power gate Type G, is limited to 9. Where a greater fan-out 
is" required the power gates must be used and the fan-out of this 
gate is limited to 30. -'"-'- 

1*3 Power Consumption 

*™T ~"r - r'*rf"*" "if i i i r> » n u i 

"1,3«1 All the circuits operate- with' a_ single power supply line of +5V * 
i 0„25V o . • 

1«3»2 The maximum value of the mean power supply current taken per . 

paekage is given in later sections of this document for each of 
-the package typec. This max. value assumes that the gates are 
being operated on a 50 : 50 '0N ! to 'OFF' ratio at a low frequency. 
If und^i'-.any eonditdjans- the number of gates in the f 0N' state is 
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highe 



r than the number in the 'OFF' state, then the po aer supply 
requirements are, increased by a % which can be calculated by 
takirg the % of the gates in the ON state and subtracint 50$. 
For higher, frequencies these figures should be increased at the 
' rate of 12. 5$ per mega-cycle. (The mean operating frequency of 
- the' circuits' used" in the PF50 test bed appears to be very low)." 
H3.33 The chances' of getting a set of 1000 or" so packages all taking 

the' maximum value of current allowed by the circuit specification 
" are obviously remote'. How close any set of 1000 will come to the 
maximum figures' ha* yet to be determined. Tentatively it is proposed 
•that power supplies should be designed to. cater for 75$ of tfeese' 
. maximum- fa : guresV-'- - '-'■* ■■>''■" -■ "' v 

1.4 /-■■ Forclng-'of f Ld'g£oal : - Conditions for the purpose ofJt&mmissioning : 
/ o r fault .finding. _ . >/.g.< ( v. ■.?•:•.-. 

1.4.1 Whas^the- circuits are protected against accidental.., shorting to , 
grouid of the outputs, they should hot be so .shorted, for long "." 
periods of time. It follows that this should *ot be done .for M&.J 
purpose "of - commissioning or as a means of finding faults. 



1.4.2 Lo d 



1.4-3 



1.5 - 

.1.5.1 
1.5.2 



cal conditions may be foceed by disconnecting the" input" of _" ' . 
a gate "from the previous element and then connecting it ' to either 
ground by a suitable '+ voltage. An extender" board is" being 
pf^ifed^hicTb 1 -will have alterable links f br^thi^purpose . The"/; 
re ; s'!sio ? r"'val-i3es v ''on this board will be such that damage- to circuits 
will ,5 W minimised if by "mistake the output rafei^-tban the .input! • 
of a circuit is so linked to ground or the positive, .voltage. , ,j ;. 
r Where it' is desired to provide facilities for forcing logical 
'condition's without the use of extender boards ^" spare input's to" '• 
gate s may' be V connected ' to a potential divider aeToss the supply ' 
and these may thereafter be taken to the 'O''- Uevelijjy; grounding' 
them. '"' ' v,> '" - ' '-'- *.,}.},'-:j\-1~:. 

: Blunging ;Bule s _.,-. _._ . ..-.<:> •■: .i.--._ i.-_? '{ f Jr. . I?, 
These planning- rules will apply, co all. ^e" circuits in Jhe family. 



The 



circuit packages will normally be "soldered into printed 
boards and these boards' plugged into eo?ge connectors" and' connected 
together with back-wiring. In the case «f" small' boards housing a 
few' motulete^ these are likely to Tee double sided . printed boards -in 
erder to- minimise *©sts. With large arrays <?£.* modules ?a four la.yer 
board rponstruction is to be preferred as ^is^Proyjdes ; _•; _ 



' '\ 
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be tter^arthing^Tajigemendta. and . miaimisas..jDrosstaik -between, 
conductors "on; the board."" Low 'impedance earth paths between 
packages is very important. On the small' do'uble -"-sided boards " 
additional earthing straps are necessary to minimise' the' earth " * 
impedance. The back plane will be in the . form of " a continuous" 
copper, sheet to maintain a low impedanee- between .ponneetors; ' ' 
It may be that, rules will have to be introduced for' the' wiping ' -. 
layout on the looards , but for the moment these rules 7 are" wsnfined „ 
.„*?» the. back-wiring and assume that reasonable precautions are " 
taken with the board wiring. ' '"' •"'"'"""! "-' "'''-. 



I ;■•(< ;;"• ."i- 



1.5*3 The baek-wiring will be in the form of open wiring; ^r,. twisted,- ... 

pairs. Ope.n. ; /sd£es are .restricted to a string, length,, t>£ J£,in«h^s.' 
/Twisted pairs may be used up to a string length ofi:4.-'f : eet..fet;.*.'K 
the distance" between the output of one element -and: the input- ■&£"•' 
another 'shOul'd 1 tidi 'normally exceed 2 feet. ""• : '° : * •'>■•' '■' t'.-u::e§ 



In calculating, the maximum permitted length of a conductor 'which 1 
is partly open and. partly twisted, the twisted length shall' Ve*'"' 1 
divided by, four, and added to the length of the .opiaritijr^r io "that 
the total does not exceed 15 inches. : '"' " *"" *"'* " 

1.5. 4- Where the. distance between the driving and the r^ceiydng --.element 
sexeeeds two,y£e,et;, then coaxial cable driven by the ; p,qw.er., element 
• type G and .teijminaifeed as. specified .in para..2 J .?. !shall be used. - 

-1.6 Voltage Levels e ?:i:it ' '•''■■ Vl ?:;jC':i~/s Jo 

/ -■"" v.>.[ ".ixri'tc ' . . r ■ 

1.6.1 The acceptable output voltage levels of the e ircuit a , as "measured 

between the output pin and the earth pin of that ViEcuit 'are:*- '."' 

■ '• -■ i " / : r ? o* \;:-te Hit^ 

' ; -;-; EjbgHi7'+'2.'%;' to ++.0 volts , , r ._ ,.„„ , _ ... , 

Low -0.5 to +0.4 volts. ...... 

1.6.2 The acceptable input voltages to the circuits, as m.§aaur.4dib#tw§en 
tKe input pin "and'' the earth pin of that eircuit are^i.?;:. .-""J si;-.-..^- 

-,--», .., F ... High +1.6 to +4.0 volts 
,..- . Low -0.5 to +1.05 volts. 

n -It'is to^be:.expeeted..that the input voltages will only „ approach^ 
s '•-"..these limits I under* pulse, noise conditions. ;...,,,-.. ... „ r 

_j.6«3 The above limits' 1 apply over the device temperatur'e ;: 'range : ' : +lb" : -t'0^ 

+60 C and even the worst circuits should operate with better 

< ■' ■ .">;> '■■ -' ■■ 
limits at normal temperatures. The average circuits will be 

appreciably better. 
1.7 Timing 

All timing information in this document is given in the form of 

Cont inue cL. ♦ *.. *+-*** . h 
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propagation -delay times* These are-the- -fcimo delays- bet woes -the 
of the iaput, change and the 50%. point of,, the. output 



5<# 



point 



J/0 

change 

There'' 
added 
transi|t 
ts * 



"this 



SECTION 2: 



2.1 .. Type A 



r 



are conditions under whieh it is desirable to make, an . 
allowance for transition delays (delays from 10 tqj s ,9Q^ ©f 
idn) . (This will be further explained in a later 'addition 



dacunient, 



GATING IC IggjJlTS / , 

I" rr — "■ 



SCSJIT 



2.1.1 / This comprises four two input gates as shown:- 
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The max power supply current on. a 50 : 50 low f re~quenOy "duty 



eyele 



is 20 mA. 
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2.2 Type B . •• •; 

This comprises- two four' input gates as shown: 




The max power, supply>current on a 50 : 50 low freqheney duty! 
- cycle is 10 ml. . 
2 »2 T ype C 

i , . 

This comprises two sets of AND-OE gates as showh:-^. 

Vc \ 
H 13 

1 * 
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The max power supply current on a 50 : 50 low frequen«*y duty 
cycle is 14.5 mA. 
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2.2 Type B 

This comprises- two four input gates as shown: 



K 13 12 || io 9 s 
p p O G 6 O O 
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The max power supply current on a 50 : 50 low frequency duty 
cycle is 10 mA. 
2.3 Type C 

This comprises two sets of AND-OR gates as shown: - 

Vc \ 
H 13 

1 ° 




The max power supply current on a 50 : 50 low frequency duty 
cycle is l*f.5 mA. 
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2.^ Type F 

This is an eight input gate as shown:- 




The max power supply current on a 50 : 50 low frequency duty 
cycle is 6 mA. 



2,5 Type G 



This comprises two four input power gates each having a fan-out 
of 30.' 
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The max power supply current on a 50 : 50 low frequency duty 
cycle is 31 mA. 
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^•6 Prop ag ation Delay Tim es 

• The propagation delay times as defined in para. 1,7» for all 
the gates are as follows i- 

With a string length of 1 f oot of wire 
on the output 

Positive | Delay - Negative Delay 

Min. Max. Min. Max. 

F.O. = 9 F.O. =30 .....•' 

3 23- nS k5 nS 2 20 nS 

With a st ring.. le ngth of k feet of wire 

on the output 

.... t< — 

Positive Delay Negative Delay 

Min... • • .: Max*. Min- . Max*. 

J,0.. ="9 RrO~ =-30 . 
8 . 35 aS.. 33 b5 3 .30 nS 

2*7 - . .. Driving Coaxial Cables . - 

The- power gate type G may be used to drive .coaxial . cables- - 
having an. impedance of 30 ohms. Such cables may .. be run. .between 
. separate pieces- of equipment providing that the difference, 
between the earth. .points at which the cable is connected does 
not exceed 0»i volt . 

When this arrangement is used, the line should be terminated as 
showa '.below and the _£ an-out^ which, can be connected at either-or 
both. ends of the. line, should be limited to 8, 




ANY ELEMENT 
TYPE G ^ , N SET .. 

GATE.. . 



The circuit propagation. delay time for cable lengths- up to 
12 feet can be taken to be the same as the figures quoted itr 
•para„ 2.6. for a fan-out of 9, plus 1.6 nS for each foot, of 
cable length. 
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SECTION y, BISTABLE TYPE D 
3«1 General 



3.1.1 This is a D type bistable and there are two in each package. 
It has very little or no immunity to clock skew end it should 
therefore not be used in any application involving the transfer 
of data between successive stages where the same clock pulse is 
applied to both stages. 

3*1*2 This D type bistable is likely to stay at about half the price 
(per bistable) of the type E and s where clock skew immunity is 
not required, and the more limited input facilities are sufficient, 
if; should be used in preference to the type % t 

3*2 Connections 
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3.3 Loading Rules 

D input - l unit load. 

S " _ - 1 " " 

'R » - 2 " » 

Clock " « 2 » " » 

3»^ Logic Function 

3*^.1 Set~Unset Operation. 

To operate in this mode the clock input must be held low but 

the D line can be in either state. 

/ 

The state of the bistable can be altered, in accordance with 
'the following equations, by taking either the S or the E input 
into the low state. The bistable stays in the chosen state when 
the appropriate B or R line is returned to the high state 

Q = S 

Q = R 

3.^*2 Clocked Operation 

To operate in this mode both S and R inputs must be held high. 
When the clock input is taken from the low state to the high • 
state, the binary takes up the state of the D line. 

Q = D 

Q = D 

In order to do this successfully, the D line must be steady over 

a period of time either side of the time when the clock input 

goes high (i.e. over time periods t set-up and t hold). Once the 

bistable has been set in this way, the D line is 'locked out' 

i.e. at the end of the t hold period of time the D line may be 

altered with the clock still high without changing the state of 

the bistable. The output from the bistable is available at a 

time T Qut after the time when the clock input goes high. The 

clock input may he returned to the low state any time after T , 

J out 

s without affecting the state of the bistable. 

_yj? Performance 
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3.5.1 



If 



CtQCK 




OUTPUT 
MAILABLE 



t set up 20 aS; min. 

t hold 10 nS ' mia. 
i 
i 
to output (to a/ ! 0') max 

" (to J »1») " 

/ 



1' of wire 4' af wire 
50 nS max 6l nS max 
35 nS max h6 nS max 



3.5.2 The max figures for % output apply for both el@eked and set- 
unset operatien. 

The minimum figures 'for t output is not defined and no reliance 
should be placed on this being greater than zero. 

3«6 Pov/er Requirements 1 

3.6.1 The max power supply current for low frequency, operatien is 
35 mA. 

SECTION *ft FAS TEH TT2 CIRCUITS 

.jriLV^p'ji. ii jji ..iiiiii ij i ii riiim i r'i m • ■ m 

b,X Specifications will later be written for a number of faster 
gating circuits, as the position v/ith the suppliers of these 
circuits becomes clearer. The actual gate functions have yet to 
be selected. 

t4,2 The circuits selected will be fully compatible electri^^ally and 
mechanically with the ones that have been described. 

Subject td the wiring rules being obeyed, it will be possible 
to replace existing circuits with the faster one in crder to 
speed up a gives, array of l©g£e . 
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k,3 These additional circuits will be approximately twice as fast, 
i.e. max of 12 nS with worst fan-out and one foot of wire 
, instead of a max of 25 nS. 

^A The wiring rules with these circuits have yet to be worked 

out, but it is likely that the limit to open T^ack wiring will 
be the order of 8" and that their use will really be confined 
to internal connection:! on multi-layer macro boards. Logical 
designers envisaging the future substitution ©f 'existing 
circuits by the faster circuits should think in terms of only 
doing so in this way. 




v, 



cc 



•JOT PUT 



•=jj»ix.-.jg.u- - i. Qy 



Half of Type B Paekage 



-other l*gxe forms, thereby minimising propagation time. Output 

Si^^n" 663 f^vepull-up «"* pull.dow* to provide lew impedanee 

SSr?v«T e h"w th l0 f" StateS> Thi8 ^ m W^a ^agation 
HtUZT ^i S f"° Ut a PP lieatin ^« Current SSting^lStor 
i» aetive pull-up path gives short-duration sho«t~ei*«uit protection. 



Supply voltage 5 i q^ v 

Mis Input Voltage to maintain "Low" Output 
Max Iajut Voltage to maintaig "High" Output 
Min »Hig%" Output Voltage (full load) 
Max "Low" Output Voltage (full load) 
Fan~out 



P3?©;gagation Time: 



INPUT 

output 



***-'! 



8r,S 
AVERAGE 



2.0 V @ ifO uA In 
0,8 V @ 1.6. 4*1 Out 
2. ^ V @ 0.4 mA Out 
QA V @ 16 mA In 
It 



18 nS 

AVERAGE 



